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I. INTRODUCTION 
Att emulsion block detectors whose construction has been reported so far 
have the shape of flat slabs whose thickness is by a factor of about six, 
smaller than one or both lateral dimensions. Such a shape is usually 
advantageous in the study of artificially produced nuclear phenomena where 
the radiation incident on the detector has a strongly preferred spatial 
direction. On the other hand, when exposed to cosmic radiation at high 
altitudes, which usually shows little directional preference, the “ best ”’ 
shape depends strongly on the type of phenomena to be investigated. In 
general a flat detector is suitable for studying the incident radiation, but 
the spherical or cubical detector is much more advantageous when studying 
secondary particles, irrespective of whether the latter are stable or unstable, 
neutral or charged. Roughly :— 

The number of incident particles recorded is larger in a flat detector than 

a cubical one of equal volume. 


The number of nuclear interactions per unit volume produced by the 
incident radiation is nearly independent of the detector shape as 
long as the detector is not large compared to a nuclear mean free 
path. 

It follows that in a cubical detector the average potential path length 
of primaries is larger, often appreciably larger, than in flat detectors. 
This will also be true for low energy secondaries ejected isotropically 
from stars and for tertiary particles emitted from unstable particles 
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which have been brought to rest. If, the incident radiation is iso- 
tropically distributed over the upper hemisphere it will also apply 
to fast secondaries which preserve more or less the direction of the 
primaries. 

Thus, for a given primary star population the cubical detector will in 
general contain a larger fraction of secondary and tertiary particles which 
come to rest, a larger fraction of decays in flight and also a larger fraction 
of nuclear interactions produced by secondary particles. This last feature 
may be of great importance in the study of K-mesons and Hyperons if, as 
some experimental data now suggest, 7-meson produced stars are richer 
in K-mesons and Hyperons than nucleon produced stars.* — 


For this reason we decided last Fall to begin the construction of an 
emulsion block detector whose thickness is comparable with its other 
dimensions. 


In deciding the over-all dimension of the detector one has to make a 
compromise between what is desirable and what is practical. Since part 
of our objective was to get precise information on the mass and decay 
schemes of various K-mesons and Hyperons it would have been best to have 
a detector with a stopping power of at least 100 grams/cm.?, i.e., linear 
dimension of 25cms. This is needed because at present exact information 
on the energy and the nature of charged decay products from unstable 
particles is only obtainable if their range can be measured. 


* It can easily be shown that for an isotropic flux, the average potential track length of 
4V 


primaries in a rectangular block is independent of its orientation and equals = where V and 
S are its volume and surface area respectively. For secondaries, if they also have angular 
2V 


isotropy, the mean potential length, is half as large: <L> = >" 

In the table below we have given the mean length <L> of the trajectories of secondary and 
tertiary particles as well as the approximate ratio (R) of stars produced by primary and by 
secondary particles in our Blocks, and in those of various European Laboratories (Sardinia 
flights, 1953). In order to calculate R we have assumed an average of 3 fast secondaries, with 
interaction length of 27 cms. per primary star. 


No. of Lateral 
Block Emulsion Dimensions <L> R 
Sheets cm. cm. 
Bombay No. | 24 10x15 1°15 7°75 
Bombay No. 2 125 15x15 3-75 2°4 
Bombay No.3... 200 15x15 4°60 1:95 
Sardinia 40 1S x15 1°80 
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An elementary calculation, however, reveals that cubical shapes and 
linear dimensions of the order of 25cms. when combined will give an 
emulsion block which will not only present a very heavy load compared to 
customary balloon borne equipment, but will also be so expensive that the 
risk seems justified only after one can be confident that all technical problems 
involved in the construction of such emulsion block detectors have been 
successfully solved. We have, therefore, decided to reduce the lateral 
dimensions rather than compromise too much on the shape, and have 
exposed two stacks of square emulsion sheets 15 x 15cm., 600, thick. 
One stack consisted of 200 emulsion sheets and had, therefore, a thickness 
of 12 cms., the other one contained 125 emulsion sheets corresponding to 
7:5 cms. thickness. 


Il. TECHNICAL PROBLEMS CONNECTED WITH THE CONSTRUCTION OF 
LARGE EMULSION BLOCK DETECTORS 


In an earlier paper! a description was given of the technique used in 
constructing and aligning our first emulsion block detector consisting of 
24 sheets of emulsion. We now consider only those technical problems 
which were not satisfactorily solved previously and those which arise be- 
cause of the increased size of the detector. These are of two types. 


One set of difficulties, by no means negligible, is connected simply with 
the larger number of plates to be handled. Apart from the more than normal 
precaution to be taken in order to recover such valuable equipment after 
the balloon flight, it is necessary to organize the processing, cutting and 
aligning in such a way that it can be done in a reasonable number of man- 
hours. Furthermore, since for many problems the usefulness of the emul- 
sion block detector is greatly reduced if a single emulsion sheet is spoiled, 
destroyed or lost, it becomes necessary to instal automatic safety devices 
for the processing operation. 


Thg second set of difficulties is connected with the fact that a large 
stack is only fully useful if the tracing of particles is possible even when their 
tracks have minimum ionisation and, therefore, no longer stand out against 
the unavoidable background of electron tracks. This implies that the 
mounted sheets must be so well aligned that when successive slides are placed 
into the microscope stage holder, one looks at corresponding points of the 
adjacent emulsion surfaces with an error which should not exceed about 
20. It is of course true that minimum tracks can be traced even though 
the alignment error is of the order of 100-200, but in that case elaborate 


1 D. Lal, Yash Pal and B. Peters, Proc. Ind. Acad. Sci., 1953, 38, 277. 
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plots of other tracks in the region are necessary, and the time required to 
trace a minimum ionisation track through 50 or 100 plates becomes prohi- 
bitive. 

Reference (1) describes an aligning procedure in which the microscope 
slides were placed on plastic frames and adjusted under the microscope into 
their proper relative positions; the tracks of heavy primaries were used for 
establishing corresponding points on adjacent surfaces. The accuracy 
achieved was limited by: 


(a) Emulsion distortion. The two adjacent plates may have been 
brought back exactly to the relative position they occupied before 
exposure. Nevertheless, subsequent distortion could move a 
point on the air surface away from its proper position, and thus 
when exchanging plates in the slide holder, the continuation of 
a given track may not be found where it was expected. 


(b) In our first block detector there were gaps between adjacent emul- 
sion sheets during exposure which varied between 100-150x. 
These were due to the tissue papers which were placed between 
emulsions in order to prevent sticking, and also to the-lack of 
compression between the sheets in the block. Compression was 
then intentionally kept small so as to avoid damaging or blacken- 
ing the emulsion surfaces. 


(c) The alignment of each microscope slide required about 20 minutes. 
Any five minutes saved by improving the procedure would 
constitute a saving of nearly 200 man-hours on large detectors. 


It]. A New REFERENCE SYSTEM FOR PLATE ALIGNMENT 


In order to overcome the difficulties listed above we placed between the 
emulsions a network of nylon threads of 18 diameter, which were made 
a-particle active. These threads produced lines on the emulsion surface 
along which a-particles were emitted and the line’s center could # easily 
determined with an accuracy of Sy. a-particles penetrate deep enough 
under the surface to prevent their being rubbed off, and yet not so deep as 
to interfere with scanning and measurements. Since the markings are 
identical on contiguous surfaces of adjacent emulsions, the exact mis-align- 
ment in any region of the plate due to distortion or other causes can be 
measured quickly and accurately. 


The nylon fibres themselves proved adequate for keeping the emulsion 
sheets separated and preventing their sticking together. Thus, paper sheets 
between emulsions could be climinated. It was possible to “exert strong 
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pressure by means of screws on the assembled emulsion sheets before 
exposure. The gaps between emulsion sheets were now small and found 
to vary only between 25 and 35 yn. 


Finally instead of heavy primary tracks the grid lines imprinted on 
adjacent emulsion surfaces were used for the purpose of plate alignment 
and with the help of the double microscope set up, described below, the time 
necessary for alignment could be reduced by a factor of four. The details 
of the procedure were as follows: 


(a) Preparation of the Polonium Solution 


It is essential to prepare a sample of Polonium free from f-activity since 
otherwise the emulsions will be fogged.* Polonium was extracted chemically 
from 10 old radon needles and the extract was found to contain about 30 
microcuries. The purity was tested by counters as well as nuclear emulsions. 
The Polonium was then brought into solution of 15 litres by adding water. 


(b) Preparation of the Nylon Grids 


The nylon fibres used were so fine that they can only be seen with good 
illumination, against a dark background. In order to place them between 
emulsion sheets in a darkroom it is necessary to mount them in such a way 
that they can be handled without difficulty. For this reason we constructed 
grids. 

The nylon fibres were obtained from strands of nylon rope and were 
found to have a uniform diameter of 18. They were stuck with fast drying 
glue, on thick cardboard window frames, the inside dimensions of which 
were 9"X9", The grid spacing was lcm. throughout. The cardboard 
edges were then immersed in liquid hot paraffin wax, taking care that the wax 
did not touch the inside 6” square of the grid. 600 such grids were produced. 


The frames were now soaked in the Polonium solution for a period of six 
hours and dried in air. They were then transferred to smaller cardboard 
frames with inside dimensions of 6}”x6}". The cardboard had a thickness 
of only 5004. After transferring the grid to the new frame, using again fast 
- drying cement, the contaminated outer frame was cut off with a sharp blade. 
The grids were then ready for use. 


(c) Assembly of the Emulsion Block 


To keep the emulsions of the stack in position and to have them roughly 
aligned during the entire exposure, we built a special frame consisting of a 


* We are indebted to Dr. H. D. Sharma for preparing the solution, 
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wooden base plate into which five brass rods were fixed. Two of the rods 
were made eccentric and permitted the emulsions to be brought in flush with 
the two edges defined by the remaining rods. The frames covering the grids 
were punched at appropriate places on their inner edges to fit snugly outside 
the rods. Each emulsion was alternated with a grid and the entire assembly 
was pressed down firmly with a second wooden board passing through the 
five rods. The stacks were flown with the sheets in a vertical position. 


(d) Processing 


Mounting and processing procedures did not differ from those pre- 


viously described. One observation may, however, be of some interest to . 


other laboratories. We found that the probability of getting bubbles during 
development depends to a large extent on the quality of the treated glass 
plates used for mounting. A sheet of emulsion cut in two, and mounted 
with identical procedures, one on a freshly prepared glass sheet and one on 
a glass sheet which had been exposed to the atmosphere for some time, 
yielded two plates of which one was free from bubbles and the other very 
heavily effected. Thus, by using fairly fresh glass plates and storing them 
in a refrigerator we reduced in our large blocks, the number of bubbles to 
the tolerable value of about one per 75 sq. cm. 


It may also be worth mentioning that in an attempt to reduce distortion 
we kept the plates in a well levelled tank and did not touch them from the 
beginning of the soaking stage until they were removed completely dried 
from the concentrated alcohol bath. We found the distortions in these 
emulsions reasonable (~ 30 Covans in the larger and ~ 80 Covans in the 
smaller of the two blocks). 


(e) Experimental Details of Alignment 


Two microscopes were placed close to each other. One was a travelling 
microscope and the other an ordinary stationary microscope with a moveable 
stage. Two different points on the plate could be viewed simultaneously. 
The microscope slides are pasted onto plastic frames in the same manner 
as described previously. For pasting we used a thin celluloid solution in 
80% acetone and 20% amyl acetate. This solution takes about one minute 
to dry which is adequate for making accurate adjustments. The plate is 
moved until the cross of two Polonium lines appear in the center of the 
“* stationary microscope” field. The travelling microscope is then adjusted 
until another Polonium line appears in the center of its field. The next 
plate is then glued on its frame in such a position that the identical configura- 
tion appears in the two microscopes when viewing corresponding surfaces. 
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The accuracy obtained by this procedure is about 5. An additional ~5p 
error arises from the elastic deformation of the plastic frame when placed 
in the stage holder. The resulting 5-10, accuracy applies only to those 
points which were used for plate alignment. Other points on the plate will 
be displaced with respect to each other because of distortion and possible 
stretching of sheets at the time when they were rolled on to glass plates. 
We find that except near the processed edge or near a bubble, the average 
error is between 20 and 30, and, with very few exceptions, it is less than 
50» for all points on the plate. 
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INTRODUCTION 


THE existence of an ionised layer intermediate between the two main layers 
E and F, was first reported by Schafer and Goodall,’ and shortly afterwards 
by Appleton,*? and by Ratcliffe and White.* Similar observations were 
later reported by Gilliland,t and by Lung.' This intermediate layer, now 
called E,, was generally observed during morning and evening hours* and 
mainly in the winter months.’ A more detailed study of this layer has been 
made by Becker and Dieminger.* * They found that the E, layer occurred 
regularly; it had an average virtual height of 130-140 km. The layer also 
showed evidence of magneto-ionic splitting. Becker and Dieminger suggested 
that the ionisation of the layer might be due either to neutral corpuscles or 
to a small range of frequencies of ultra-violet radiation from the sun. Com- 
mission III of the U.R.S.I. on * Ionosphere and Propagation’ in their re- 
commendation to the 1948 General Assembly at Stockholm made the 
following remark,’ “In the event that clear stratification is evident within 
the regular E layer, and a second critical frequency is observed, it is increas- 
ingly common practice to refer to the upper critical frequencies as f,E, 
and f,E, and the minimum virtual height as h’E,.”” Becker and Dieminger 
in their second paper have concluded that the E, layer should be con- 
sidered as a continuous thin homogeneous layer. 


Leiv Harang® in 1937 noted two stratifications between the E and F, 
layers. Soon after the ionospheric station at Ahmedabad was established 
in 1953, it was noticed that between the E and F, layers, there were often 
two regular ionisation steps indicating discrete ionised layers. An example 
of such an occurrence is shown in Fig. 1. 


Symbols used.—Throughout this paper, we shall indicate the normal 
E layer simply as the E layer, and the two intermediate layers as E, and E,, 
158 
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the upper one being called E,. The ordinary wave critical frequencies for 
the E, E,, E, and F, layers will be indicated by KE, E,, foE, and fF, and 
the minimum virtual heights by h’E, h'E,, h’E, and h’'F,. This would be 
consistent with the recommendations of U.R.S.I.’ 


FREQUENCIES OF OCCURRENCE OF THE LAYERS 


E, and E, layers are most clearly seen shortly after sunrise. During 
evening hours they are less clear owing to interference and absorption. 
They are least clear during the noon hours, presumably due to absorption. 
Fig. 2 gives the percentage frequencies of occasions on which these layers 
could be observed in February, March and April 1953. 


Pebruary 1953 March 1953 _ April 1953 


75° E. Meridian time in hr. 


Fic. 2. Frequencies of occurrence of the E, and E, Layers during February, 
March and April 1953. 


CRITICAL FREQUENCIES OF THE LAYERS 


Both E, and E, layers show magnetic splitting similar to the normal 
E layer. The extraordinary components of E, and E, are recorded as weak 
reflections except in the morning and evening hours. Fig. 3 shows a P’-f 
record in which the extraordinary components are clearly visible. 


The observed critical frequencies indicate that the E, and E, layers are 
almost as regular as the main layers E and F;. Moreover the scatter of the 
values of /,E, and /(E, is of the same order of magnitude as the scatter of 
and foF,. On the average, is only slightly larger (0-2 Mc/s) than 


the corresponding fE, and the average difference between f,E, and f,E, 
is 0-6 Mc/s. 


Table I gives the median values of the critical frequencies of the layers 
E, E,, E, and F, for the months of February, March and April 1953. The 
values are plotted in Fig. 4. The figure shows that similar to the normal 
layers, E, and E, also follgw the sun’s altitude. 
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February 1953 


March 1953 


April 1953 


Height in KM 


> 


2 


Frequency in MC/S 
© 


1 
9 12 15 18 6 


75° E. Meridian time in hr. 
Fic. 4. Curves showing the median values of the critical frequencies and virtual heights 
of BE, E,, E, and F, layers during the months of February, March and April 1953. ; 


TABLE | 


Monthly median values of the critical frequencies (in Mc/s) of E, 
E,, E, and F, layers during the months of February, March and April 1953 


Hours 
75° E.M.T. 


February 


March 


"April 


foEy 


foE2 | foF 1 
| 


foE 


foE 


foE | 


1-15 
1-8 
2-65 


| 
{ 


3-45 | 


| 2-2 | 2-45 
2-55 | 2-75 | 3-9 
3-0 | 3-4 4:3 
32 (3-5 | 45 


3-4 | 3-9 | 4-55 


135 | 3-9 | 4-6 


3-5 | 3-8 | 4-6 
| 46 


| | | 
3-1 3-4 


2-85 | 3-1 4-1 
2-55 | 3-7 


1-6 | 1-8 | 2-5 


| 
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4-7 


3-5 | 4°5 
| 4-2 
2-8 | 3-8 
2-0 | 2-7 


| ANN 
| \ \ 
7 
6 | 125|mm | .. 
+ 1-95 | 1-9 2.0 | 2-3 | 2-5 
i (22 2-35 2-4 | 2-5 | 2-75 | 3-05 | 4-2 
9 |2-7 | | 8-2 | «8s 2-9 | 3-0 3-25 | 3-45 | 4-5 
10 | 8-0 | 3-15 | 3-6 | 4-4 3-1 3-1 | 3-25 | 3-7 | 4-6 
3-9 | 4-56 3-3 | 3-2 | 3-8 
12, (3-2 3-6 | 4-0 3-35 (3-6 | 3-0 
13 32 3-6 | 3-9 | 4-6 | 3-3 3:4 | 3-55 | 3-85 | 4-7 
| | | 
45 3-3 (3-5 | 2-8 | 
15 206/315 | 3-4 | 3-0 3-0 
16 | 2-65 | 2-85 | 2-95 | 4-0 | 2-65 | 2-65 | 2-9 
18 | — | 
! | } 
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The critical frequencies of these intermediate layers obey approxi- 
mately the law 


cos” Z, 


where Z is the sun’s zenith distance and k and n are constants. Fig. 5 shows 
the graph of the critical frequencies of E, E,, E, and F, layers against cos Z 
for the month of March 1953. The values of k and n are given in Table II. 


March 1953 


Critical Frequency in MC/S 


tal 02 03 05 06 08 10 
Cosine of Sun's Zenith Distance 


Fic. 5. Graph of tee frequency versus cos Z for the layers E, E,, E, and F, tates 
} the month of March 1953. 


TABLE II 


Values of k and n for E, E,, E, and F, layers during the months of February, 
March and April 1953 


March April 


5 
4 
4 
Fi Layel 
| 
its 
er 
Lay 
53 
5 
2 
5 
February 
“7 
E, 3-6 0-35 3-6 
.2 E, | 0-41 4-1 0-39 3-9 | 0-36 
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If the ionisation followed a simple Chapman Law, the constant n would 
be 0-25, whereas the observed values are near 0-38 for E, E, and E, layers 
and near 0-21 for the F, layer. 


VIRTUAL HEIGHTS OF THE LAYERS 


As regards the heights of these layers, the individual observations of 
the virtual height are rather widely scattered. The observed virtual heights 
of E, and E, layers are usually considerably greater than the true heights of 
reflection due to the proximity of the critical frequencies of the underlying 
layers. Consequently the values of h’E, and h’E, show large variations 
depending upon the nearness of the critical frequencies of the lower layers. 
Table III gives the median values of the minimum virtual heights of E, E,, 
E, and F, layers for the months of February, March and April 1953. 


TABLE III 


Median values of the minimum virtual heights of E, E,, E, and F, layers 
during the months of February, March and April 1953 


February March April 
Hours 
75° EMT. | | | | WE | | AF, | | | | 
km. | km. km, | km. | km. | km. | km. | km. | km. | km, | km. km 
| | 
6 160 | | | 105] 150 155 
7 110 | 160) 210] 115| 140/ 180] 220] 105 150 | 180 | 230 
8 130| 200 225] 140/ 220] 105| 138 230 
9 110 | 150 195, 215} 110! 150! 195| 215] 105| 175 220 
10 110} 165| 220] 110} 190] 210] 105| 185 | 190| 2290 
110; 175| 200 220] 110| 150| 195| 210] 105 160 | 190} 215 
12 115 | 180} 200 235] 165} 190| 220] 110] 180, 175| 220 
13 no | 180 195 230] 155| 185| 230] 110| 180| 180] 225 
4 | M0 170| 175 220] 140) 233} 110) 160! 170] 230 
15 Mo] 145 | 195 225] mo} 140| 175] 230] 110] 135 | 175 | 235 
16 115 | 135| 175) 230) 110] 135| 160] 225] 110] 160] 235 
7 us! 130] 155! 230] 115| 135] 235] 140] 230 
18 190 | | .. | 150! 160} 240] 100] 130; 150| 235 
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TRUE HEIGHTS OF THE LAYERS 


The true height of the ionisation maximum of a layer can be determined 
with the help of Booker and Seaton’s form 


h' =hm + T¢(S/fe) 


where h’ is the virtual height of reflection for a wave of frequency f, hm the 
height of ionisation maximum, T the semi-thickness of the layer and ¢ is 
a function defined by 


where f, is the critical frequency of “a layer. If another layer lies just above 
the height of maximum ionisation of the lower layer then the group retarda- 
tion of a wave (f > f,) penetrating the lower layer is given by 


Ah’ =T4(#) 


But if the upper layer overlaps the lower layer below its ionisation maximum 
then the group retardation by the lower layer is given by a formula given 
by Ratcliffe. - 


where f, is the critical frequency of the lower layer and f, is the frequency 
at which the reflections start from the upper layer. Thus hm and T of a 
layer can be determined by fitting the observed P’-f curve with the standard 
P’-f curves drawn on a transparent sheet according to the above formula 
[Ratcliffe’s method"]. The values of h’ are plotted against [Appleton and 
Beynon’s method!*] and the slope of the straight line passing through the 
points gives T, and its intercept on the h’ axis gives hm. 


Such a determination of true height is often not possible for these inter- 
mediate layers due to the very short trace of P’-f curve which is visible, or 
the frequent overlapping of the layers, or the presence of scattered E or 
sporadic E reflections. The heights of these layers on a number of days 
were determined by Ratcliffe’s method. The values were verified by Appleton 
and Beynon’s method. Table IV gives the results of such determination 
from a few clear P’-f records. 


The true heights of E, layer were calculated to which the above method 


could be applied, from all records of March 1953 and Table V gives the mean 
values of the true heights of E and E, layers during March 1953. 


yf 
yf 


TABLE IV 
Virtual and true heights of E, E, and E, layers on some individual days 


; E Layer E, Layer Ez Layer 
Date ( 1953) | 


, 


| lim T hm 
(km.) | (km.) | (km.)} (km.) | (km.) (km.) | (km) 


12th February 100 112 128 125 
13th February 130 


2nd March 
12th March 


Ist April oe 118 
16th April | 110 


TABLE V 


Mean true heights of ionisation maximum of normal E and E, layers 
during March 1953 


E Layer Ez. Layer 


No. of 
occasions 


160 
159 
142 
155 
134 
148 
142 


E.M.T. | T 
| 155 | 145 
| | | 22 | 150 | 130 | 8 
: + 1600 | 110 | 114 10 | 132 | 120 | 18 | 150 | 140 | <8 
| || ..| 00 | us | 106 | 25 | 155 : 120 | 10 | 140 | 135 <6 
| 20 | 152 | 122 | 10 | 170 | 156 <b 
| | 12 | 130 | 126 | 22 | 160 | 150 < 
Time 75° 
| = | T (km.) 
06 | | é | 5 | | 15 
116 12 7 | | 15 
6) 8 | 113 | 10 e | | 15 
| 10 | 8 | 109 22 7 | 8 
| 7 | 110 24 11 | 5 
|; 112 18 5 
| 13 | 1 | 112 20 9 | 137 | 5 . 
| | 
| 14 | 9 | 112 | 26 14 | 139 5 
“a 15 6 | 116 20 14 | 141 | 5 
16 | 18 | 116 17 6 | 140 5 
18 | 8 | 135 5 
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On the average, the E, layer.occurs at a height of about 140 km.; it is 
a very sharp layer having a semi-thickness less than 5 km., while normal E 
occurs at the height of about 115 km. and has an average semi-thickness of 
18km. E, occurs at the height of 120 to 130 km. and is of about the same 
thickness as the E layer. 


After sunrise, the E, layer is the one to appear first and E, and E layers 
develop later. From the observations taken at intervals of 5 min. in the 
morning hours during another season, it was found that E, layer developed 
approximately 10-20 min. before the appearance of the E layer. The F, 
layer becomes distinguishable from the general F layer only about an hour 
after the appearance of the E, layer. It appears that as the sun’s altitude 
increases and the sun’s rays illuminate the lower strata of the atmosphere, 
the ionospheric layers develop successively. Fig. 6 illustrates the develop- 
ment of these layers on 11th February 1953. 


There have recently been a few determinations of the electron con- 
centrations in the ionosphere with the aid of rockets. Seddon’* obtained 
on 29th September 1949 a value of electron density for the E layer 1-6x 10° 
electrons per c.c. at a height of 107km., and for the E, layer 2-2x 10° 
electrons per c.c. at 142km. The usual ionospheric P’~f record obtained 
during the rocket firing showed the virtual height of the E, layer to be 215 km. 
In the diagram given by Seddon there is also a secondary maximum of 
electron concentration at about 120km. The data obtained by J. R. Lien 
and collaborators on 26th June 1953 gave for. the normal E layer 1-3 x 105 
electrons per cm.® at a- height of 110 km. and for the E, layer 2 x 10° electrons 
per cm.® at a height exceeding 130km. The diagram given by the authors . 
shows a third intermediate maximum at 120 km. with electron density lower 
than that of either the normal E layer or of the E, layer. Bering’s® data 
obtained on 15th Dee. 1952 gave for the normal E layer a charge density 
of 1-0 x 10° per cm.* at a height of 103 km. The next higher layer appeared 
at 123 km. with a charge density nearly the same as that of the normal E 
layer and a third maximum at 156 km. with 1-4 10° per cm.* The électron 
density maxima between the main layers E and F, as obtained by rocket 


_ data thus correspond reasonably well with the two layers E, and E, regu- 


larly observed at Ahmedabad. 


It seems to be of importance to maintain systematic records of the 
appearance, critical frequencies and other characteristics of the E, and E, 
layers. A more extended study of the phenomenon has been undertaken 
by the author. | 


’ 
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SUMMARY 


Between the main layers E and F, of the ionosphere over Ahmedabad, 
two intermediate layers occur regularly having virtual heights of 125 and 
140km. They also show the characteristic magneto-ionic splitting. The 
critical frequencies of these layers follow the position of the sun according 
to the law f, =k cos “Z, n neing near about 0-38. Minimum virtual heights 
of these layers have been shown to be very misleading due to the proximity 
of the lower layers. The true height and the thickness have been determined 
for some cases. The true heights of these layers correspond well with the 
heights of ionisation maxima in the ionosphere determined with the aid of 
rockets. 
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FIG. 


)’-f record taken at 1600 hr. 75° East Meridian Time on 2nd March 1953. Two inter- 
mediate layers between main E and F, layers can be clearly seen, particularly in the 
second curve. 


P’-f record taken at 1730 hr. 75° East Meridian Time on 30th March 1953. Ordinary 
as well as extraordinary components of E, E, and Eg layers are clearly visible. 


R. G. Rastogi Proc. Ind. Acad. Sci., A, Vol. XL, Pl. VII 
d, 
Fic. 
- 4 


R. G. Rastogi 


| 


FiGs. 6a, 64, 6c. The successive development of the ionospheric layers in the morning hours on 
February 1953. 
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1. INTRODUCTION 


CrystaALs of NaClO, and NaBrO, belong to the crystal class T and exhibit 
optical activity. Determination of their photoelastic constants is of interest. 
The usual methods of studying optically inactive substances cannot be em- 
ployed in such cases for obvious reasons; and special techniques have been 
employed by previous investigators in the case of NaClO, (Ramachandran 
and Chandrasekharan, 1951). In the present investigation, an optical 
method using the Rayleigh Compensator has been employed. It is very sensi- 
tive, being capable of measuring a birefringence of the order of 1/500 A. 
The sensitiveness, which can be varied at will, is independent of the magnitude 
of the birefringence to be measured and remains uniform throughout the 
range of measurement. Such measurements give directly the values of 
912), Gs) and gay. 


From a study of the state of polarisation of the ultrasonic diffraction 
patterns (Mueller, 1938), the ratios of the elasto-optic constants have been 
determined by Burstein, Smith and Henvis (1950) for cubic crystals belong- 
ing to the classes Tg, O and Op, and by Vedam (1950) for glasses. Both the 
theory of Mueller and the experimental technique have been modified by 
Vedam and Ramachandran (1951), to suit the case of sodium chlorate 
which is optically active. This modified method has been employed in this 
investigation as well for determining the ratios of the elasto-optic constants. 
Hence the absolute values of the several constants are calculated. 


2. THE RAYLEIGH COMPENSATOR 


A plane sheet of glass ABCD (Fig. 1 a), bent into the form A’B’C’D’ 
(Fig. 1 5) constitutes the Rayleigh Compensator (Rayleigh, 1902; Rama- 
‘nadham, 1929). When the glass plate is strained as indicated, the region 
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along NN’ undergoes no strain and hence forms the neutral region. Portions 
of the plate above NN’ experience a tensile stress and portions below NN’ 
experienc? a compressional stress. The result is that the upper half of the 
plate behaves as a positive uniaxial crystal and the lower part as a negative 
uniaxial crystal, the two being separated by a neutral band. When such 
a plate is viewed through crossed Nicols, light is completely extinguished 


A 


Fic. la 


Fic. 16 


at the neutral region only; but appears over the rest of the field. Now ifa 
birefringent medium G (e.g., a longitudinally compressed glass block, Fig. 2a) 
is placed between the polariser and the Rayleigh compensator, the dark band 
shifts upward or downward depending upon the sign of birefringence of 
the medium G, with respect to that of the Rayleigh Compensator. The 
shift of the dark band can be detected by a low power telescope. Further, 
if the telescope is provided with a finely divided scale in the place of cross 
wires, the shift can be measured in terms of scale divisions and it can be 
used as a measure of birefringence, after calibration. The sign of bi- 
refringence of the specimen can be determined unambiguously, by com- 
paring the direction of the shift for the specimen with that for glass. 


If the specimen has optical activity but no birefringence, light is 
restored in the entire field of view; and the dark band NN’ reappears in 
the field of view of the telescope when the analyser is rotated through the 
appropriate angle. The band reappears now exactly at the former scale 
division. Thus the birefringence and optical activity could be studied. 


Now to experiment with an optically active medium, the specimen is 
placed between the Rayleigh Compensator and the analyser; the analyser 
is rotated until the neutral dark band reappears. The specimen is then 
compressed lengthwise. The band then shifts upward or downward de- 
pending upon its sign of birefringence. If in addition to the stress birefring- 
ence, the optical activity of the medium itself changes with stress, the dark 
band becomes diffuse and tends to disappear; it can be seen again by 
rotating the analyser, through the necessary angle. Thus change in optical 
activity alone will render it diffuse but produces no shift while birefringence 
alone will produce the shift but the band remains dark. 
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3. THE EXPERIMENTAL SET-UP 
The compressing arrangement is shown in Fig. 2a. Since the Rayleigh — 
Compensator could detect birefringence of the order of even = A, no 


lever arrangement was found necessary. The beam BB carrying the loads 
W, W at either end, rests on the specimen. Paper and rubber spacers were 
used to render the stress uniform on the crystal. 


Ne 
Fic. 
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Two such compressing arrangements S,, S, (Fig. 2 5) have been set up, 
one on either side of the Rayleigh Compensator R.C. The polariser P 
is set-at 45° with the vertical. 


_A glass. prism. G (1 cm. x.0:75 em. x 0:45.cm.) is first. stresséd under 
a known load and the consequent birefringence produced is determined with 
a Babinet compensator; the amount of birefringence (in terms of the light 
source used) is calculated for a load of 1,000gm. In the present investi- 
gation for a load of 1,000 gm. the path difference =53-7A when the 
prism is stressed lengthwise and direction of observation is parallel to the 
smallest dimension. The glass prism G is then used as the standard with 
which the birefringence is compared. 
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The glass prism G which is of isotropic medium develops only 
birefringence under linear stress but no rotation, whereas the crystal prism 
M which is initially optically active becomes also birefringent under linear 
stress and hence there is an apparent rotation of the axes of birefringence 
(Ramaseshan, 1951). For this reason the specimen M (i.e., of sodium 
chlorate or sodium bromate) is mounted on S, and the glass prism G on §,. 
The dark band will now be seen when the analyser is rotated through an 
angle equal to the optical rotation by M. M is then stressed by a load of 
say 2,000 gm. (i.e., 1,000 gm. at either end) and the shift of the band is - 
noted in the field of view of the telescope. M is then unloaded and G is 
loaded suitably so that the dark band showed the same displacement as for 
the medium M. Hence the}birefringence produced is the same for both. 
From this the corresponding piezo-optic constants of the medium could 
be calculated. It may be mentioned here that the crystal prism must be 
very well polished so that the dark band may be seen clearly. A freshly 
polished prism is to be preferred. Further, the levelling of the bases and 
of the seat of the prism must be fairly good so that the distribution of 
pressure on the prism is uniform. The non-uniformity of pressure is re- 
vealed by the fact that the dark band no longer remains straight and hori- 
zontal but gets inclined and distorted. Lastly, with so sensitive an appara- 
tus as the Rayleigh Compensator, the slightest imperfections in the crystals 
render them unfit for the work since the whole field of view is then covered 
by a cobweb pattern of the neutral band. 


Measurements of the birefringence have been made for both NaClO, 
and NaBrO, using the Rayleigh Compensator; and the results obtained 
have been checked up using the elliptic analyser (previously employed by 
Ramachandran and Chandrasekharan, 1951). 

4. DIMENSIONS OF THE PRISMS EMPLOYED 


TABLE I a 
Sodium Chlorate 


wan | Length Breadth Thickness 


of 
rotation || to mm. \| to mm. || to mm. 
1 L (001) 10-53 (010) 4-70 [100] 4-50 
2 L 14-13 7°87 6°54 
3 L [110] 11-63 (011) 6-16 [100] 5-20 
4 L [iy 13-12 {211 ] 9-18 {011} 7-45 


‘ 


Sodium Bromate 
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rotation 


| R 


R 
R 
R 


> WY 


Length 


Breadth 


|| to 


(001) 
[110] 
[111] 


mm. 


3°17 
3+26 
5°15 
4°87 


5. RESULTS FOR NaClO, 


Measurements with Rayleigh Compensator for Prism No. | 


Direction 
of stress 
on NaClO, 


(001) 


Direction 
of observation 
in NaClO, 


Load on 
glass 
in kgm. 


[100] 


[010] 


The mean of the values in the last column gives the stress on NaClO, 
to produce a path difference of 53-7 A which is the path difference produced 
in the glass for a load of 1 kgm. Hence the appropriate f(g) of NaClO, 
is determined. 


The values of the several constants of NaClO, used in the calculation 


are as follows :— 
Refractive Index for Na yellow light: 1-514. 


Cy >= 5:00x 1 ‘47x Cag= 1 18x 104 dynes/sq. cm. 


Load on NaClO, 
Load on glass 


171 | 
TABLE I b 
| | 
| Sense Thickness 
mm. || to || to mm. 
8-74 (010) [100] 3-88 
| 10-40 [110] [001] 4:12 
| 7°88 [110] {112} 4°57 
TABLE [I 
Load on 
| NaClO, 
in kgm. 
001 || 3-25 2-00 1-625 
foot} 4-75 3-00 1-583 
6-25 4-00 1-563 
mean: 1-59 
1-75 2-00 0-875 
2°75 3-00 0-917 
3°50 4-00 0-875 
mean: 0:89 
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(a) From the observations in Table Il, we obtain 9,,;— — 10-8 
and qi = ‘45x 10-38, 


(6) The piezo-optic constants have also been determined using the elliptic 


analyser and the mean values of 432), 413) ANd have 
been collected below: 


— 10-8; — = — 10-8; 
= — 1°68 x 10-8, 
(c) Elasto-optic constants: 


From a study of the polarisation of the ultrasonic diffraction pattern 
(Mueller, 1938) of NaClO, prisms Nos. (1), (2) and (3), the values obtained 
are given below. In the calculation of the results, the observed values have 
been extrapolated to zero ultrasonic amplitude (Vedam, 1950) and allow. 
ance has been made for the optical activity of the crystal (Vedam and 
Ramachandran, 1951). 


— tan (45° + 11°) = 1-48 ; = tan (45° + 7°) = 1-28 
Dp Pu 


11 


+ Pre + — 4P a4 
+ Piz + Pig + 4P as 


Thus the complete set of photoelastic constants for NaClO, are: 


= tan (45° + 6°) =1-13.° 


Pry = 9-162; pyg=0°24; pig =0-°20; pyy= — 0:0198 


= 10-5 que = 3-78 10-9; gyg = 2-88 x 1078; 


= — 1-68 x in units of cm.? 


These results agree fairly well with the results obtained earlier by 
Ramachandran and Chandrasekharan (1951) quoted below: 


Py = 9-173; = 0-258; Pag = 0-223; P44 = — 90-0187 
= 1-48 10718; = 3°88 X 10-8; Gy, = 2-89 x 10-18 
= — in units of cm.* 


The present method could therefore be considered to be accurate for 
determining small birefringences of the order now investigated and it has 
been used for determining the photoelastic constants of sodium bromate. 
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6. RESULTS FOR NaBrO, 
TABLE III 
Measurements with Rayleigh Compensator for Prism No. 2 


"Direction ‘Direction Load Load Load on NaBrO, 
of of (in kgm.) (in kgm.) 
stress observation on NaBrO, on glass Load on glass 
001] (100) 1-80 2-00 0:90 
2:75 3-00 0-917 
3°55 4-00 0-888 
(001 [010] 2-50 2-00 
3-50 3-00 
4-75 4-00 


The mean of the values in the last column gives the stress on NaBrO, 
to produce a path difference of 53-7 A which is the path difference pro- 
duced in the standard glass prism for a load of one kilogram. Hence the 
value of the appropriate f/(q) of NaBrO, is determined. 

The values of the several constants of NaBrO, used in the calculations 
are as follows :— 

Refractive index of NaBrO, for Na yellow light: 1-594(I.C.T.) 
104; 10%; cyy= 1-50 10" dynes/sq. cm. 

(Sundara Rao, 1948). 
From the observations, we obtain — 0°98 x 1075; 
Ga qi3 = 0:82x 10-338, 

The values of the above piezo-optic constants have been determined 
using the elliptic analyser for the same orientation of the NaBrO, prism. 
The results are given in Table IV (for an explanation of the symbols, see 
Ramachandran and Chandrasekharan, 1951). 

These gave the values — 1°02 10-"* and 

> 0-85 xX 10718, 

Similarly all the other piezo-optic constants have been determined for 
the several prisms using both the Rayleigh Compensator and the elliptic 
analyser and the mean values are: 

9u— Ne= — 9°95 du — — 0-80 x 
— 0:93 10- in units of cm.? dyne~?. 


mean: 1-20 
fr 
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TABLE IV 

Observation along [100] Observation along [010} 

Load in kgm. 5/2p 8/2p 5/2p 8/2p 
=tan(90—2¢) perkgm. € =tan(90—2£) per kgm. 

0 45 45 
0-755 27 0°727 0-97 24 0-900 1-20 
1-25x5 20 1-192 0-95 18 1-376 1-10 
1-75x5 14 1-881 1-08 12 2-246 1-14 
2:00x5 12 2-246 1-42 9 3-078 1-54 


Studies on the state of polarisation when ultrasonic beam is propagated 
along the cube axes and along the face-diagonal have given the following 
values (after allowing for the finite amplitudes of the ultrasonic beam and 
for the optical activity of the sodium bromate): 


= tan (45°+ 4°5°); = tan (45°+ 4°) 


2pr1 + + Pis — 
+ Piz + Prs + 4Pa4 


The experimental observation that almost the same value has been 
obtained for both p,9/p;; and p,3/p,, indicates clearly that one cannot very 
much rely on the small difference of 0-5° observed for the two ratios py,o/py, 
and p,3/P1; Hence in calculating the absolute values, it has been felt de- 
sirable to ignore the values for p,o/p,, and p4s/p43. 


= tan (45°+ 4°) 


+ + Pis — 4Daa ° 
The ratio £38 = = tan 49° = 1-15 
+ Pris + Dis + 


which contains all the four coefficients, has been: taken into consideration 
for calculating the absolute values of p’s and q’s, 


Thus the complete set of photo-elastic constants of NaBrO, are: 
Py =9°185; pyp=0°0218; pyg=0°213; pag= — 0°0139. 
= 1-63 10-18; = 2°58 X 10-18; gyg=2°45X 10-8; 
= — 0:93 x 10-15 dyne-!. 


The author’s grateful thanks are due to Dr. S. Bhagavantam for his 
kind interest in the work. 
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7. SUMMARY 


Double refraction and ‘optical activity are studied by employing the 
Rayleigh Compensator and the photoelastic constants of NaClO, have been 
redetermined, confirming the results obtained by Ramachandran and 
Chandrasekharan (1951). The photoelastic constants of NaBrO,, another 
T-class crystal, have been determined for the first time, employing the 
Rayleigh Compensator and also the elliptic analyser previously employed 
by Ramachandran and Chandrasekharan for studying NaClO,; and the 
results confirm the theoretical prediction of Bhagavantam (1942). The 
values for NaBrO, are as follows: p,,;=0-185; 
Pas= — 0-°0139 and qy, = 1-63 10-28; qyg= 2°58 X 10-38; 943, = 
— 0-93 x 10-8 (all in units of cm.? dyne~). 
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INTRODUCTION 


THE utility of depolarisation measurements for investigating gel-forming 
systems is well known. Since the process of formation of soap gels in 
organic solvents has not beén studied so far by such measurements, it was 
felt desirable to carry out a systematic study of the depolarisation of the 
transversely scattered light in sodium oleate and xylene systems during and 
after setting and also the effects of concentration, temperature and syneresis, 


EXPERIMENTAL DETAILS 
A. Preparation of the gel-forming systems 


Gel-forming solutions containing 0-5% and 1:5% sodium oleate in 
xylene were prepared by weighing out the requisite amount of the soap in 
a Pyrex test tube of internal diameter 1-5”, adding 75 c.c. of xylene and heat- 
ing in an oil-bath as described elsewhere (Prasad and Sundaram, 1951). The 
test tube with the solution was heated to 130° C. and then transferred to the 
observation bath in which measurements were made. 


B. Optical arrangements 


Sunlight reflected by means of a heliostat mirror and condensed by a 
long focal length lens (f =45 cm.) provided with an iris diaphragm placed 
in a dark room was used to make the depolarisation measurements. The 
beam of light was focussed at the centre of a test tube containing the gel- 
forming system and kept immersed in the centre of a beaker containing 
‘Nujol’ which served as a bath. The depolarisation measurements were 
carried out by the well-known Cornu method using incident unpolarised 
light, and light with its vibrations vertical and horizontal respectively. 
Suitable apertures were provided for the incident and transmitted beams and 
the transversely scattered radiation, and adequate precautions were taken 
to cut off all stray light and minimise errors in measurement (Rao, 1927; 
176 
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Prasad et al., 1949, 1952). Since, even with the maximum aperture (5 cm.) 
the error due to the finite convergence (Ananthakrishnan, 1935) was 
extremely small, no corrections were made. 


C. (i) Measurements while cooling the soap-solvent systems 


The temperature of the Nujol in the bath (beaker) was ‘ital main- 
tained at 130° C., the same as the gel-forming solution. The measurements 
of the depolarisation factors were made using incident light unpolarised and 
polarised with vibrations vertical and horizontal. The bath and the system 
were then allowed to cool at an average rate of 1° C. for every two minutes. 
At suitable temperatures the temperature of the system was maintained 
constant and the depolarisation factors measured.. 


(ii) Measurement of the effect of temperature on the vpeaialinas in soap- 
xylene systems | 


For this purpose the temperature of the bath was kept constant at 70° C. 
and the test tube containing the gel-forming solution was transferred to this 
bath. The depolarisation measurements were made when the temperature 
of the system reached 70°C. Similarly measurements were made also at 
50° C. and 30° C., each time using however a freshly prepared sample of gel- 
forming solution. 


(iii) Measurement of the effect of syneresis 


The measurements of the depolarisation factors of the gel set in the 
bath at 30°C. were carried out after 24 hours, 48 hours, and 96 hours to 
determine the effect of syneresis on the depolarisation values. 


D. Measurement of gelation temperature of soap-solvent gel-forming systems 


A test tube containing the gel-forming solution of sodium oleate in 
xylene free from bubbles was closed by a cork through which a thermometer 
was introduced. After heating it.in the paraffin-bath to 130°C. it was 
transferred to a thermostat maintained at 30° + -1°C. By slightly tilting 
the system at various intervals, the exact temperature at which it set to 
gel, i.e., the gelation temperature, was determined. Several measurements 
were made for the same system, every time using a fresh solution and in 
each successive measurement the number of times the gel was disturbed 
was reduced so that a correct value of the gelation temperature was obtained. 


RESULTS 


The depolarisation factors observed during the cooling of sodium oleate- 
xylene systems were plotted against temperature and the values interpolated 
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TABLE I 
Concentration of Sodium Oleate =0-5% 


Gelation temperature = 78° C. 


Pr Ps Pu = Ap.=Pu — 
130 92:0 3:0 6:5 0-7 
120 3:0 7:0 6-2 1-2 
110 82-0 3-5 8-0 7°53 1-2 
100 16-0 4:5 105 10-0 3-0 
90 69-0 6-0 14-3 13-9 3-0 
80 80 19:5 19-3 4-7 
70 55-8 28-5 26-5 7-4 
60 49-0 13-5 38-3 36-2 12-0 
50 42-0 18-0 50-5 51-6 20-0 
40 40-5 21-8 63-0 62:0 26:4 

TABLE II 
Concentration 1:5% 
Gelation temperature = 90° C. 

Pr Pr ree Ap,=p, 
130 93-0 3:0 6:5 6-0 0-7 
120 87-8 3-0 65 6-2 0-7 
110 82-3. 7-5 1-0 
100 77-0 4-5 10-3 9-9 1-7 
90 71-5 6°8 14-5 15-3 1-9 
80 66-0 9-3 20-3 21-3 2°3 
70 60-3 12-8 29-0 30-2 6-3 
60 55-0 18-5 43-0 44-0 11-8 
50 50-8 61-0 59-9 20-7 
40 47-3 67-8 67-7 24-3 


: 
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TABLE III 
2p, 
Pr Pr Pu Ap, 
(a) Concentration 0-5% 
70 54-8 10°6 8-0 
50 42-2 18-9 52°8 21-0 
30 22°8 65-6 28-6 
(5) Concentration 1-5% 
70 29-5 7:2 
50 49-0 26°0 63°3 22-1 
30 43-8 29°5 70°4 24-9 
TABLE IV 
Ph Pre Po = Pn — 
(a) Concentration 0-5% 
0 39-0 22-7 65-6 28°5 
24 36:1 23°8 73-0 34-5 
48 34°7 23°8 74-3 35°8 
96 32-0 75°6 35-8 
(5) Concentration 1-5% 
0 43-8 29°5 24°8 
24 42-2 30°7 75°6 28°6 
48 40-6 31-4 78-3 
96 39-0 32-0 81-1 


from these curves at definite temperatures are given in Tables I and II. 
Table III gives the effect of temperature on depolarisation and in Table IV: 
is listed the depolarisation factors during the syneresis of these gels. Fig. 1 
represents the variation of 4p, with temperature for the concentration 
corresponding to Table I. 
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DISCUSSION OF RESULTS 


From Tables [ and II it is seen that with decrease of temperature from 
130° C., pn which is originally high, continuously decreases, while Py and py 
which are small in the beginning increase when the systems are cooled to 
their respective gelation temperatures and continue to do so even below 
these. A decrease in the value of pp, indicates an increase in the size of the 
particles and the magnitude of py is indicative of the anisotropy of the 
particles. Also it is known that an increase in. the size of the particles 
in any scattering medium causes an increase in the value of 4py,, which 
is the difference between the observed value p, and the anisotropic part of 
py, Which can be considered equal to 2py/(1 + py) (Sivarajan, 1951). 
Consequently it can be concluded that the particles in the system which 
are initially small and nearly spherical, increase both in size and anisotropy 
during and after, gelation. 


These observations may be explained on the basis of the bith theory 
of the formation of soap gels in organic solvents. It is well known that 
sodium oleate forms molecular solutions in organic solvents (Lawrence, 
1938; Prasad er al., 1945) at temperatures. near about the boiling points 
of the solvents and this state is maintained for a short. range of temperature 
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when the solutions are cooled. Consequently p;, is high and py is low. As 
the solutions are cooled further, the systems undergo saturation at first and 
then supersaturation causing the formation of colloidal particles which 
agglomerate at still lower temperatures. The aggregation of the particles 
is shown by the decrease in the values of pj, and increase of 4p,. The for- 
mation of anisotropic particles at lower temperatures shown by the increasing 
value of py, is probably due to the fibrillar nature of the soap molecules as 
revealed by electron microscope photographs. 


A soap-solvent system sets to a gel at its gelation temperature due to 
certain equilibrium conditions prevailing in the system at that temperature. 
In the gel a part of the dispersion medium which is a saturated solution of 
the soap in the solvent at that temperature, is attached to the soap particles 
due to solvation while the remaining is held within the interfibrillary spaces. 
When the set gel is cooled below its gelation temperature, the decrease in 
solubility of the soap in the solvent at lower temperatures throws out some 
more soap from the dispersion medium. These particles may aggregate 
themselves or get attached to the already existing particles and thereby 


cause the observed changes in the values of the depolarisation factors after 
setting. 


The depolarisation measurements show that similar changes with time 
are observed. in gels of different concentrations and the p, values are slightly 
higher in gels of higher concentration indicating thereby that at the higher 
concentration the particles are more anisotropic. However the values -of 
Apy, are not very much different for the two concentrations studied, revealing 


thus that the final size of particles is not appreciably altered by change in 
concentration. 


It will be seen from Table III that the final values of p;, are smaller and 
those of py, py and 4py are larger for gels set at lower temperatures than for 
the gels set at higher temperatures. These observations are in agreement 
with those noticed during the slow cooling from 130°C. and indicate that 
the particles of the gels set at higher temperatures are smaller and less aniso- 
tropic than those of the gels set at lower temperatures. 


As stated earlier the particles in the system undergo large changes in 
size and anisotropy when the gels are allowed to cool from their gelation 
temperatures to 30°C. These arise from the fact that some more particles 
of soap are, thrown out of the dispersion medium. These changes cause 
the instability of the structure formed at the gelation temperature and 
syneresis results on account of the displacement of the system to attain 
stability at the lower temperature (Prasad and Sundaram, 1951). On the 
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other hand, only slight changes in size and anisotropy take place when the 
gels are kept at 30° C. for some time and these indicate that the second stage 
of syneresis is a slow process compared to the first. 


A comparison of the final values of py in the gels studied with those of 
gelatin and agar (Katti, 1948, 1949) show that the particles in gels of sodium 
oleate in xylene are more anisotropic. While the final values of py, in the 
case of most inorganic gels is less than 40% (Ramaiah, 1937; Prasad et al., 
1944, 1949, 1952; Kanekar and Subramanian, 1952; Desai and Sundaram, 
1953), in the gels under consideration they are over 60%. These observations 
show that the structure of the particles in the gel-forming systems of sodium 
oleate in xylene is very different from that of particles in inorganic gel- 
forming systems and in aqueous systems of gelatin and agar. 
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SUMMARY 


The depolarisation factors py, py and pp of the light transversely scattered 
from sodium oleate-xylene systems have been measured during and after 
gel-formation. It has been observed that the particles in these systems 
increase in size and anisotropy during and after gel-formation. The observed 
results have been explained on the basis of the existing theory of the forma- 
tion of soap gels in organic solvents. The size of particles in these gels does 
not seem to depend on the concentrations of the gel-forming systems. 
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1. INTRODUCTION 


WHEN a cubic crystal or a glass is stressed, it becomes birefringent and the 
measurement of the relative retardation produced, gives some of the linear 
combinations of the piezo-optic constants q;;. In particular, in glasses one 
gets the quantity (q,,-9,.). For the measurement of the relative retardation 
a Babinet Compensator is often used. While the measurements with a 
Babinet Compensator are very accurate the instrument is not too well suited 
for the measurement of the dispersion of the piezo-optic coefficients. From 
the recent studies on the magneto-optic rotation in birefringent media by the 
author (1949, 1951) a simple method has been developed for the measure- 
ment of the relative retardation produced on stressing an isotropic solid, 
The particular merit of the method is not so much its accuracy as its con- 


venience for the measurement of the dispersion of the piezo-optic coefficient 
with wavelength. 


This paper gives the experimental details and the theory of the method. 
Preliminary studies have been made of the piezo-optic coefficients of some 
glasses and they compare well with the determinations made with the Babinet 
Compensator (Vedam, 1950). 


2. THEORY OF THE METHOD 


When plane polarised light is incident on a birefringent crystal (or a 
stressed isotropic solid) placed in a magnetic field, the emergent light is 
elliptically polarised. The major axis of the emergent ellipse is in general, 
inclined at an angle to the plane of vibration of the incident light. This 
inclination is dependent on the angle which the incident electric vector makes 
with the principal planes of vibration of the crystal. In the particular case 
when the two are parallel, % is given by 


ms sin 2 y sin 4 
tan2$ = y + sin? 2y (1) 


where 4 and tan 2y = 
0 
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4 is the composite phase retardation per unit length, 5 = 759 the total phase 
retardation when there is no magnetic field and p = fp, the total rotation 
when there is no birefringence and t the thickness of the specimen. 


It has been shown (Ramaseshan, 1951) that by suitable algebraic mani- 
pulation, when 5) and 2 p» are small, equation (1) could be written as 


{1 +S + 6) — [ont + 120m*— 90) --} 


(2) 
== = = Vo 


In the case when 8 and 2p are very small the equation (2) reduces to 
2 
2% =2%(1- (3) 


As both p and % can be accurately measured with the aid of a half shade, 
these formule could be used in determining the stress-optic coefficients in 
isotropic solids. One measures the magnetic rotation when the solid is 
not stressed and again the apparent rotation with the same magnetic field 
and a known applied stress. Then the birefringence introduced 5, can be 
evaluated from equation (2) or (3). When 6 and 2p are both less than 20° 
equation (3) gives an accuracy of about 1% in the value of 8. On the other 
hand for higher values of 8 and 2p equation (2) must be used. In calculating 
5 by equation (2) the method of successive approximation must be resorted 
to in evaluating the value of m. By taking the four terms of the series given 
in equation (2) one could get the value of 5 within 1% of its true value (when 
5 < 55° and 2p < 40°). 


In the earlier experiments one peculiarity was met with. When the 
solid was stressed the values of 4 determined for the magnetic field on and 
) reversed, differed considerably. This was found to be due to the fact that 
the incident electric vector did not exactly coincide with the direction of the 
stress in the solid. Experimentally also, setting them exactly parallel was 
extremely difficult, particularly as the direction of stress in the experimental 
solid was never exactly the same at all points. Detailed mathematical 
investigation of the problem of the dependence of % on the inclination of the 
electric vector to the principal axes of strain has shown (Ramachandran and 
Ramaseshan, 1952) that the usual practice of taking the mean of the mea- 
surements for the two directions of the magnetic field practically eliminates 
the errors caused by the slight mis-setting of the polariser or specimen or 
as a result of the variation of the stress axis in the specimen. In fact when 
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the setting was out by 3° (a case hardly to be met with in practice) while the 
individual readings for the two directions of the field varied by about 10% 
the mean value deviated from the correct value by less than 1%. 


3. EXPERIMENTAL PROCEDURE AND RESULTS 


The usual Faraday effect arrangement with a half shade at the polarizer 
end was used in the measurement of p and %. A simple lever arrangement 
made of brass was employed to stress the specimen (in the present case a 
glass block 3cm.x3cm.x2cm.). The light traversed the 2 cm. side of the 
glass block. Pressure was transmitted to the specimen by lead blocks 
suitably shaped to make the stress direction in the central portion almost 
vertical and the stress distribution fairly uniform. Some care was taken 
in setting the electric vector of the incident polarised beam parallel to the 
stress direction. It was found best to measure p and % for two or three 
different field strengths but for the same value of stress and later to repeat 
the measurements for different stresses. Table I gives a typical set of 
values obtained for one of the glasses (glass No. 10). 4 in each case was 
calculated from formula (2) using 3 terms. It may be mentioned here that 
while the 4th term practically does not affect the values of 5, the omission 
of the 3rd term introduces an error of the order of 6% in the last three 
determinations. 


TABLE | 
Stress Field 2p 2% 8 
in Kgwt./mum." in Oersteds in degrees in degrees in degrees 

0-091 6420 13-26 13-03 19-0 
0-091 9490 19-62 19-27 19-0 
0-179 6420 13-28 12-30 38-0 
0-179 9490 19-60 18-21 39-1 
0-268 6420 13-30 11-32 56-0 
0-268 9490 19-60 16-71 56:5 


Table II gives the results of the measurements made on 12 optical 
glasses. [5,] represents the path retardation introduced by a pressure of 
1 dyne/cm.? for A 5893 when the thickness of the substance is | cm. and the 
values of (p — q) are calculated from the formula _ 


5 = 


| 


Magneto-optic Method for Determination of Piezo-optic Coefficients +87 


where 5 represents the birefringence introduced, R the rigidity modulus, 
n the refractive index for A 5893, P the stress in dynes per sq. cm. and p and q 
the Neumann’s strain-optical constants. The values of R obtained by 
Vedam (1950) for the same set of glasses have also been entered in the table. 
The last two columns give the values of (p— q) obtained in the present 
studies as well as those obtained by Vedam (1950) who used the classical 
Babinet Compensator method. 


One notices from Table II that the values obtained by the magneto- 
optic method are quite in agreement with those obtained by the Babinet 
Compensator method. The method could therefore be confidently used 
for the study of the variation of (p — q) with wavelength. In doing so, 
it must be borne in mind that 2p must never be greater than 40°. 


TABLE Il 
Glass * Ny Rx 10- [So] x (p — q) (p 9) 
No. in dynes/cm.? (Author) (Vedam) 
1 +4669 1-878 4-24 0-074 0-0762 
2 1-4934 2-538 4-13 0-094 0-0918 
3 1 +5023 2-862 3-07 0-078 0-0774 
4 1-5093 2-917 4:18 0-107. 0-1049 
5 1-5171 3-354 3-09 0-090 0-0909 
6 1-5300 2+275 4-50 0-087 0-0875 
7 1-5269 2-604 3°54 0-079 0-0771. 
9 1-5700 3-053 3-55 0-088 0-0855 
10 1 +5699 2-474 3-52 0-069 0-0698 
1] 1.5895 3+292 2-42 0-061 0-0633 
12 1-5981 2-404 3°51 0-066 0-0642 
13 1-6062 2-569 3-06 0-061 0-0630 


* The numbering of these Jena glasses is the same as that adopted by Dr. R. S. Krishnan 
(Proc. Ind. Acad. Sci., 1936, 4, 211). 


It is found most convenient to make the measurements from A 7000 to 
A 4500 visually and to use a spectrographic or a photomultiplier technique for 
lower wavelengths. Such techniques have been developed in this laboratory 
(V. Sivaramakrishnan) and the result of measurements for different wave- 
lengths on glasses and other isotropic solids will. be reported later. It is 
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found that although the error in the absolute value of (p — q) may be as 
great as 3 to 4% the relative values for different wavelengths would be of 
very much greater accuracy. 


The author’s thanks are due to Dr. K. Vedaim for the discussions he 
had with him and also to Prof. R. S. Krishnan for his kind interest in the 
work. 

4. SUMMARY 


A simple magneto-optic method for the measurement of the relative 
retardation produced on stressing an isotropic solid is described. The 
method is based on the determination of the true and apparent magneto- 
optic rotation of the isotropic solid in the unstressed and the stressed states, 
The method is found to be useful in the measurement of the dispersion of 
the piezo-optic coefficients with wavelentgh. 
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